This paper demonstrates precious recovery of nickel from physical pre-treated raw palm oil mill fuel ash waste (POMFAW). The acidic leaching extraction (ALE) using sulphuric and hydrochloric acids agents were carried out in a bath stirrer flask. Process parameter effects of acid concentration, solution pH and treatment time were investigated in the nickel recuperation. The highest nickel recovery (96.83%) was found by treatment time of 1 h, pH of 2.5 and hydrochloric acid concentration of 2.0 M. At the acids leaching higher than 2 M, the nickel recovery decreased. Results from acids leaching imply that nickel complex can be formed at substantial percentages within the acid concentration higher than 1 M. The hydrochloric acid provides impressive nickel compared sulphuric acid, and the POMFAW can be proposed as a substitute of non-renewable sources derived nickel for a promising material and the used ALE can be considered as a beneficial technique.
Introduction
Malaysia is one of the major crude palm oil suppliers in the world, and the palm oil is the leading agricultural industry in the country. Nowadays, Malaysia has around 4 million hectares of palm oil domain, where Sabah state possesses the biggest palm oil plantation region with 1.2 million hectares (30% of the total planted area). It is evaluated that 10.31 million tons of palm oil waste (8.25 and 2.06 million tons of palm oil husk and shell, respectively) generated about 516 thousand tons of boiler ash or POMFAW. Given the constrained use of POMFAW, this material has been being disposing as landfill material without any commercial returns [1] . The POMFAW is by-product from burning process in palm oil plantation, which palm nut and fibre of palm are burnt at temperature about 800-1000 o C. The characterized POMFAW reveals a spongy and porous structure in nature, which is main components are in the angular and irregular form, with a sizable fraction showing cellular textures. Meanwhile, raw palm ash was evidence consists of a rather spherical particle with a median size of 183.0 µm and small particles ground palm ash were individually noted containing crashed shape structures with a median of 15.9 µm and 7.4 µm. Usually, the POMFAW would be disposed off for landfills due to limitation of utilization. This situation could lead to pollution case and loss of resources in the future. Many researchers have been studying about the utilization of POMFAW in concrete admixtures, aqueous and gaseous pollutant-removing adsorbents, cement replacement material, concrete additive, catalysts, etc. [2, 3, 4] . The catalyst synthesis, like metal oxides have been being extensively exploring for numerous basic scientific and technical aspects. Nickel has a wide range of applications in manufacturing of magnetic materials, alkaline battery cathodes, dye-sensitized solar cell, semiconductors, electro chromic films, antiferromagnetic layers, gas sensors, etc. [5] due to simple processing and unique properties. The unique properties of the metal oxides have attracted increasing technological and industrial interest. The interested properties of the nickel material are mainly optical, electrical, catalytic performance, mechanical hardness, thermal stability or chemical passivity [6, 7] . There are various reports on the synthesis and recovery methods of nickel and nickel oxide catalysts, such as molten-salt, sol-gel, solvothermal, microemulsion, carbonyl etc. [8, 9] , but it takes considerable time, low recuperation, non-POMFAW, extensive set up and needs to high cost, thus this work aims to solve this issues by utilization of POMFAW as an alternative material for nickel recovery using various leaching agents. This raw material makes safe and ecological friendly as well as empowering the solid waste, and the operation cost could be reduced via simple processing using ALE technique. The resulted powder nickel is comparable with another methods and feedstock.
Materials and Methods
Materials. The POMFAW was provided by the CH Biotech Sdn Bhd, Teluk Intan, Perak, Malaysia. The sodium carbonate, sulphuric and hydrochloric acid were procured from Sigma & Adrich Sdn Bhd, Kuala Lumpur. The sodium chlorate and nitric acid were ordered by Permula Sdn Bhd, Kuantan, Malaysia.
Methods
Pre-treatment and Characterization of POMFAW. The sample of POMFAW was dried and sieved through a sieve No. 16 (1.18 mm opening) in order to remove foreign materials and uncombusted palm fibre. The residue ash retained on a sieve is about 10% by weight. To improve reactivity, grinding process of POMFAW is needed in order to improve the pozzolanic reaction. Next, the pre-treated raw POMFAW was then characterized using Scanning Electron Microscopy (SEM), Fourier Transformed Infra-Red (FTIR), and X-Ray Fluorescent (XRF) for morphological structure identification and composition approval.
POMFAW Dissolution using Aqua Regia. The concentrated mixture of HCL (15 mL) and HNO 3 (6 mL) was added to treated POMFA (10 g) in a flask. The solution was boiled until 15 mL of the extract remained and allowed to cool for 15 min. Eventually, 10 mL of solution was moved into a volumetric flask and topped up with the deionized water to 100 mL. The solution was analysed for nickel via inductive coupled plasma-atomic emission spectrophotometer (ICP-AES).
Acidic Leaching Extraction. The pre-treated POMFAW sample of 10 g was added with various concentration of leaching agents (1 M -3 M) and pH of 1 -2.5 in a bath stirrer flask for 20 min -60 min treatment. The sodium chlorate (25% excess) as nickel oxidant was given in the solution. In order to maintain the pH value, sodium carbonate is also employed. This step was performed under the solution's boiling temperature (100ºC). The two-steps were run by the leaching solution extraction. The extracted solid was then filtered using vacuum filter, washed with distilled water, dried in an autoclave at 120ºC for 2 h and kept on in a desiccator for analysis. The obtained powder nickel was then identified using ICP-OES analyser.
Yield Determination. The nickel recovery was determined using the following equation [10, 11] : 
Results and Discussion
Characterization and analysis of POMFAW.The characterizataion and analysis of POMFAW have been exhibited. The Scanning Microscopic Analysis (SEM) result is shown in Fig. 1 . The SEM analysis of pre-treated POMFAW shows less fibrous form than cubic structure. The more cubic structure and porous characteristics of the POMFAW particle has been found by the SEM image of x 500 in the Fig.1 . The morphology structure indicates the irregular form with a sizable fractions of cellular textures. The POMFAW has also covered by an aluminosilicate glass phase [12] . Next, the XRF analysis of the raw POMFAW can be examined with chemical constituents. The constituents of POMFAW are SiO 2 (37.92%), CaO (6.21%), K 2 O (5.35%), Al 2 O 3 (3.42%), [13, 14, 15] , but the difference in composition is caused by various operating systems in palm oil mills and raw material sources. The characteristics absorption band of treated POMFAW is presented by FTIR analysis in Fig. 2 . The stretch band at 3447.80 cm -1 belongs to Silanol group, Si-OH. This band is reported which present in range of 3200-3750 cm -1 . The sharp peak at 1384.55 cm -1 and broad peak at 1078.26 cm -1 represents C-O stretching band, alcohol and phenol [16] . The unique characteristic also found around 1300-1400 cm -1 that belongs to alcohol and phenol on adsorbent surfaces. Al 2 O 3 also includes in this absorption band at 779.41 cm -1 [17] . The absorption band at 468.71 cm -1 is assigned to the Ni-O bending mode and the short band at 3447.80 cm -1 due to the mixture absorbed post pre-treated of POMFAW. FTIR result shows POMFAW contained silica, alumina, nickel etc. that justify the XRF compositions obtained. 
Effect of Leaching Parameters
Effect of leaching acid concentration. The ICP-OES analysis of nickel recovery was examined at various leaching acids concentration as shown in Fig. 3 . The increased nickel oxide concentration takes place at the acids concentration of 1 M to 2 M. After 2 M acid concentration, the obtained nickel oxide concentration tends to decreases. The reason could be attributed to the restrictions in the concentration of available ion protons in the solution which result in saturation and creation of an inhibitor layer of these ion protons on the surface of reactant particles. The optimal results of nickel reveals at 2 M for both used sulphuric and hydrochloric acid. The hydrochloric acid reflects imposing nickel recovery (96.83%) compared sulphuric acid as appeared in Fig. 3 . The increase of nickel recovery at the difference leaching acids concentration is exhibited simultaneously. It illustrates the close relation between acids concentration, nickel and nickel oxide synthesis [18] .
Key Engineering Materials VI
Effect of solution pH. The effect of pH on the nickel precipitation was observed at both leaching acid concentrations as given in Fig. 4 . The curve shows the highest nickel recovery was achieved by optimal pH of 2.5 with the hydrochloric acid as leaching reagent. The hydrochloric acid can precipitate more nickel compared sulphuric acid. Both used acids reflect different colour of solution, namely yellow greenish and red brownish colour. The pH solution plays in chemical precipitation a prominent role. The role of pH has been also investigated for nickel recovery from spent Raneynickel catalyst via dilute sulphuric acid leaching, soda ash precipitation, and nickel oxide via spectral of interactions with glucose [19] . Effect of treatment time. Fig. 5 illustrates the effect of treatment time on the recycling of nickel oxide. It can be seen that the maximum nickel recovery is reached at 60 min. and after that, the both curves tend to decrease by increasing treatment time. The hydrochloric acid sill reveal higher nickel oxide yield than sulphuric acid agent. The correlation between time and nickel separation in the leaching process has also been approved by nickel recovery from power plant fly ash. The time has a very little impact on percentage of nickel in the range of 2 h -5 h [20] . 
The obtained POMFAW nickel using ALE is comparable with the prepared nickel and nickel oxide in the presence of surfactants, etc. [21] . The multistep separation is needed to improve the nickel recovery and purification. 
Summary
Nickel has been successfully recycled from POMFAW within ALE technique using hydrochloric and sulphuric acids reagents. The hydrochloric acids reveal better results than sulphuric acids at the same acid concentration. Leaching agents concentration, solution pH and agitation time reflect on the nickel recycling an important role. The highest nickel recovery (96.83%) was obtained by the treatment time of 1 h, pH of 2.5 and hydrochloric acids concentration of 2.0 M. At the hydrochloric and sulphuric acids concentration higher than 2.0 M, the recovery of nickel extraction tends to decrease. A prominent leachant of hydrochloric acid compared sulphuric acid in correlation with to the higher amount of insoluble nickel-based material found in the latter. The resulted POMFAW based nickel using ALE methods can be considered for green treatment in reducing and utilizing palm oil mill solid waste. For the future work, it could be developed by the precipitation via soda ash, reducing agents and chemical purification of leach liquor.
